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TECHNETnJM-99m T^^^^^l PEPTIDES FOR IMAGING 

INFLAMMATION 

BACKGROUND OF THE INVENTION 

5 

1. F1f]<y fff TnvenHon 

This invention relates to nuliodiagnostic agents and reagents for 
preparing sudi agents, and also methods for producing radiolabeled 
radiodiagnostic agents. Specifically, the invention relates to tcchnctiuni-99m 
10 0rc-99m) labeled agents, methods and Idts for making such agents, and 
methods for using such agents to image sites of infection and inflammation in 
a mammalian body. 

2. T^e^otiop of the Prior Art 

X5 A variety of radionuclides are known to be useful for radioimaging, 

including «^Ga, '^c Crc-99m), "*In, or *"Re. The sensitivity 

of imaging methods using radioactively-labeled peptides is much higher than 
other techniques known in the art, since the specific binding of the radioactive 
pq>tide concentrates ttie radioactive signal over the area of interest, for 

20 example, an inflammatory site. 

There is a clinical need to be able to determine the location and/or 
extent of sites of focal or localized infection. In a substantial number of cases 
conventional medKxls of diagnosis (such as physical examination, x-ray, CT 
and ultrasonography) fail to identify such sites (^g., an abscess). In some 

25 cases, biopsy may be resorted to, but is preferably avoided at least until it is 
necessary in order to identify the pathogen responsible for an abscess at a 
known location. Identifying the site of such 'occult* infection is important 
because rapid localization of the problem is critical to effective therapeutic 
intervoition. 

30 In the field of nuclear medicine, certain pathological conditions can be 

localized or the extent' of such conditions determined by imaging the internal 
distribution of administered radioactively-labded tracer compounds 0*^- 
radiotracers or radiopharmaceuticals) that accumulate specifically at the 
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pathological site. However, an abscess may be caused by any one of many 
possible pathogens, so that a radiotracer specific for a particular pathogen 
would have limited scope. On the other hand, infection is almost invariably 
accompanied by inflammation, which is a general response of the body to 
5 tissue injury. Tbcreforc, a radiotracer specific for sites of inflammati on would ^ 
be expected to be useful in localizing sites of inflection caused by any 
pathogen. 

One of the main phenomena associated with infl a mm a tio n is the 
localization of leukocytes (white blood cells), usually monocytes and 

10 neutrophils, at the site of inflammation. A radiotracer specific for leulcocytcs 
would be useful in detecting leuko^tes at the site of a localized infection. 
Currently approved nuclear medicine procedures for imaging sites of infection 
use either indium-lU labeled leukocytes ("*In-WBq {see, e.g. Peters, 1992, 
J. Nud. Med. 22: 65-67) or gallhim-^? C^Ga) citrate (see, e.g. Ebright et al., 

15 1982, ArcL InL Med. 142: 246-254). 

A major disadvantage of using *"Ih-labeled WBCs is that the preparation 
of the radiotracer requires stoile removal of autologous blood, sterile isolation 
of the leukocytes from the blood, sterile labeling of the leukocytes using 
conditions that do not damage the cells (since damaged WBC are taken up by 

20 the reticuloendothelial system when re-injected) and return (re-injection) of the 
(now labeled) leukocytes to the patient Furthermore, a delay of 12 to 48 
hours between injection and imaging may be required for optimal images. 
While Tc-99m labeled leukocytes have been used to shorten this delay period 
{see, e.g. Vome et al, 1989, J. Nucl. Med. 2Q: 1332-1336), cx^iporeal 

25 labeling is still required. A preferred radiotracer would be one that does not 
require removal and manipulation of autologous blood components. 

^Ga-dtrate can be administered by intravenous injection. However, this 
compound is not specific for sites of infection or inflammation. Moreover, a 
delay of up to 72 hours is often required between injection of the radiotracer 

30 and imaging. In addition, the ^-(ganmia) emission energies of ''Ga are not 
well suited to conventional gamma cameras. 
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Radiolabeled monoclonal and polyclonal antibodies raised against hiinan 
leokocytes Onduding monocytes, neutrophils, granulocytes and other) have been 
developed. Tc-99m labeled antigranulocyte monoclonal antibodies {see, e.g. 
Lind a al., 1990, J. Nud. Med. 21: 417-473) and "»In-labelcd non-specific 
5 human immunoglobulin {see, e.g. LaMuraglia et al.» 1989, J. Vase. Suig. Jfi: 
20-28) have been tested for the detection of inllammatioo secondary to 
infection. "In-labeled IgG shares the disadvantages of '"In^abeled WBC, in 
that 24-48 hours are required between injection and optimal im a gi ng. In 
addition, all radiolabeled antT)odies arc difficult to produce and face protracted 
10 r^ulatory agency a^roval procedures as biolopcs. 

Small readily synthesized molecules axe preferred for routinely used 
radiopharmaceuticals. There is clearly a need for small synthetic molecuks 
that can be directly injected into a patient and will image sites of infection and 
inflammation by localiang at sites where leukocytes have accumulated. 
15 One cla ys of compounds known to bind to leukocytes are chemotactic 

peptides that cause leuko^tes to move up a pq>tide concentration gradient {see 
Wilkinson, 1988, Meth. Eni^moL lfi2'- 127-132). These compounds bind to 
receptors on the surface of leukocytes with very high affinity. These peptides 
are derived from a number of sources, including complement facton, bacteria, 
20 tuftsin, elastin, fibrinopq>tide B, fibrinogen B/9, platelet factor 4 and others. 
Small synthetic pq>tides derived from these chemotactic compounds and 
radiolabded would be very useful as radiotracers for imaging sites of 
inflammation in vivo. 

Radiolabeled pep&dcs have been rqmited in the prior art 
25 U.S. Patent No. 4,986,979 relates to the use of radiolabeled chemotactic 

formyl pq>tides to radiolabd leukocytes ex-coiporeally via a photoafFinity label 
EPC 90108734.6 relates to chemotactic formyl peptide - "'In-labeled 
DTPA conjugates. 

PCX W090/10463 relates to the use of radiolabded chemotactic formyl 
30 pq>tides to radiolabel leukocytes ex-coiporeally via a photoafRnity label. 

Zoghbi et al., 1981, J. Nucl. Med. 22: 32 (Abst) disclose formyl 
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pqrtidc chemotactic fecton dedved torn bacteria coupled to »»In.labelai 
trsflsfctniL 

Bang et aJ., 1982, NuUearmedizin 21: 110-113 disclose a chemotactic 
fonnylated peptide radiolabeled with ^ 

Fischman a al.. 1991, J. Nud. Med. 32: 482-491 relates to chemotactic . 
fonnyi peptide - '"Jh-labded DTPA conjugates. 

The use of chelating agents for radiolabeling polypqrtides, methods for 
labeling peptides and polypqrtides with Tc.99m are known in the prior art and 
are disclosed in coi»ending U.S. Patent AppUcations Serial Nos. 07/653,012, 
07/807,062, 07/871,282, and 07/893,981, which are hereby incoiporated bj 
reference. 
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,<y^ ^ARY O F THE INVENTTON 
The present invention provides scintigraphic inaging agents that are 
pq)tide reagents radioactively-labeled with Tc^m. TTte peptide reagents of 
the invention are comprised of specific binding peptides that bind leukocytes, 
5 covalently to a Tc-99m radiolabel bin<fing moiety. 

A first aspect of the inventim comprises reagents for preparing 
scintigraphic imaging agents for imaging sites of inflammation within a 
mammalian body, said reagents comprising a leukocyte binding peptide having 
an amino acid sequence comprising between 3 and 100 amino acids and a Tc- 
10 99m radiolabel-binding moiety. 

In a second aspect, the invention comprises aTc-99m radiolah^ binding 
moiety which forms a Tc-99m complex having a net charge of (-IJ. 

In yet another aspect, the radiolabeled peptide reagents of the invention 
comprise a specific binding peptide that binds to leukocytes, and a Tc-99m 
15 ladiolabd-binding moie^ of formula 

I. 

Cp(aa)Cp 

wherdn Cp is a protected cystdne readue and (aa) stands for an amino acid, 
and wherdn the radiolabel-binding moiety is covalently linked to the spedfic 
20 binding pq)fide. In a preferred embodiment, the amino add is glycine. In 
another preferred embodiment, the radiolabd-binding moiety is linked to the 
spedfic peptide via one or more amino adds. 

In another aspect, the invention provides peptide reagents comprising a 
Tc-99m radiolabd-binding moiety having the following structure: 

25 n. 

A-CZ(B)-[C(R'R')L-X 

wherdn A is H, HOOC, H^OC, (peptide)-NHOC, (pepdde)-OOC or R*; B 

is H, SH or -NHR', -N(R*)-(peptide) or Z is H or R*; X is SH or -NHR\ 

-N(R')-(peptide) or R*; R', R*, R' and R^ are independently H or straight or 

30 branched chain or cydic lower alkyl; n is 0, 1 or 2; and: (1) where B is - 

NHR* or -N(R')-(peptide), X is SH and n is 1 or 2; (2) where X is -NHR* or 
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-NCRXpq)tidc), B is SH and n is 1 or 2; (3) where B is H or R*. A is 
HCXX:, HjNOC. (peptide)-NHOC or (pq>tide)-OOC, X is SH and n is 0 or 
1; (4) where A is H or R*, then where B is SH, X is -NHR' or -NCR> 
(peptide) and where X is SH. B is -NHR* or -N(R')-0)q)tide); (3) where X is 
5 H or R^ A is HOOC, H3NOC (peptide)-NHOC or (pq)tide)O0C and B is 
SH; (6) where Z is methyl, X is methyl, A is HCXX:. HjNOC, (peptidey 
NHOC or (peptide)-OOC and B is SH and n is 0; and (7) where Z is SH and 
X is SH, n is not 0; and wherein the diiol moiety is in the reduced form. 
Another aspect of the invention provides reagents for prepanng 
10 scintigraphic imaging agents for imaging sites of inflammation within a 
mammalian body, the reagents comprising a leukocyte-binding pq)tide having 
an amino acid sequence comprising between 3 and 100 amino acids and a Tc- 
99m radiolabel-binding moiety that forms a Tc-99m complex that is 
dectrochemically neutraL 
15 In yet another aspect, the present invention provides reagents con^iising 

leukocyte-binding peptides covalendy linked to a Tc-99m radiolabel-binding 
moie^ having the following structure: 

m. 

1'''^*^ - CO - (amino acid) - cysteine - CO - peptide 
20 kx* SX 

[for purposes of this invention, radiolabel-binding moieties having this structure 

will be referred to as picolinic add (Pic)-based moieties]; 

or 

IV. 

25 peptide - HN - cysteine - (amino acid) - NH - 03^ - f'^^ 

SX 

[for purposes of this invention, radiolabel-binding moieties having this structure 
wiD be referred to as picolylamine (Pica>based moieties]; wherein X is H or ' 
a protecting group; (amino acid) is any amino acid; the Tc-99m radiolabd- 
30 binding moiety is covalently linked to the peptide, and the complex of the 
radiolabel-binding moiety and Tc-99ra is electrically neutral. In a preferred 



SUBSTITUTE SHEET 
ISAJBP 



wo 93/17719 



PCr/US93/02320 



embodiment, the amino add is glycine and X u an acctamidomethyl protecting 
group. In additional picfctied embodiments, the peptide Is covalcntly linked 
to the Tc-99m xadiolabel-binding moiety via an amino acid, most preferably 
glycine. 

5 In yet another embodiment of the invention, reagents are provided for 

prqming sdntigiaphic imaging agenU for imaging sites within a mammalian 
body, comprising a specific binding pq>tide and a bisamino bisthiol Tc-99m 
radiolabd-binding moiety covalendy linked to the peptide. The bisamino 
bisthiol Tc-99m radiolabd-binding moiety in this embodiment of the invention 

10 has a formula sdected from the group consisting o^ 

V. 

NH N-A-CO-X 

15 S-(pgp)« S-(pgp)* 

wherein each can be indq>endently H, CH) or CjHj; each (pgp)' can be 
independently a tftiol protecting group or H; m, n and p are indq)endendy 2 
or 3; A is linear or cyclic lower alkyl, aryl, heterocydyl, combinations or 
substituted derivatives thereof; and X is a peptide; 
20 VI. 

^(CR'a). 
jm N.A-CH(V)NHR' 

(CR'j). (CR'a), 
SH 

25 wherein each is indq>endently H, lower alkyl having 1 to 6 carbon atoms, 
phenyl, or phenyl substituted with lower alkyl or lower alkoxy; m, n and p are 
indq>endently 1 or 2; A is linear or cyclic lower alkyl, aryl, heterocydyl, 
combinations or substituted derivatives thereof; V is H or CO-pq>tide; R' is 
H or a pq>tide; provided that when V is H, R' is a pq)tide and when R* is 

30 H, V is a peptide. [For purposes of this invention, radiolabd-binding moieties 
having tiMse structures will be referred to as 'BAT* moieties]. In one 
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15 



prcfened embodiment, the pq»tidc is covalenfly linked to the Tc-99m 
radiolabel-binding moiety vfa an amino add, most preferably glycine. 

Hie specific binding pq>tides of the invention may also be covalently 
linked to a polyvalent linking moiety. Polyvalent linking moieties of the 
invention are comprised of at least 2 identical linker functional gronps capable 
of covalentty bonding to specific binding pq)tides or Tc-99m binding moieties. 
Prefisned linker functional groups are primary or secondary amines, hydroxyl 
groups, carbo^lic add groups or thiol-reactive gmaps. In preferred 
embodiments, the polyvalent linking moieties are comprised of bis- 
sucdnimdylmethyiether (BSME), 4K2,2-dimethylacetyl)beordc add (DMAB) 
and rru(succinimidylethyl)amine (TSEA). 

The invention comprises sdntigr^hic imaging agents that are complexes 
between the reagents of the invention and Tc-99m. and methods for 
radiolabding the reagents of the invention with Tc-99m. Radiolabded 
conq)lc«s provided by the invention are formed by reacting the reagents of the 
invention with Tc-99m in the presence of a redudng agent Preferred redudng 
agents indode but are not limited to dithionite ion, stamious ion and fbious 
ion. Complexes of the invention are also formed by labeling the leageots of 
the invention with Tc-99m by ligand cxdiange of a prereduced Tc-99m 
20 complex as provided herein. 

The invention also provides kits for prq)aring sdntigraphic imaging 
agents that are the reagents of the invention radiolabded with Tc-99m. Kits 
for labding the reagents provided by the invention with Tc-99m are comprised 
of a sealed vial containing a predetermined quantity of a reagent of the 
im^ention and a suffident araoont of redudng agent to labd the reagent with 
Tc-99m. 

Hiis invention provides methods for prcpanng peptide reagents of the 
inventioQ by diemical synthesis in vitro. In ^ preferred embodiment. pq,tides 
are synthesized by soUd phase peptide synthesis. 

This invention provides methods for using sdntigraphic imaging agents 
fliat are Tc-99m labded reagents for imaging sites of inflammation within a 
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mammalian body by obtaining bt \tvo gamma sdndgraj^c images* These 
methods comprise administering an effective diagnostic anxMmt of Tc-99m 
labeled reagents of the invention and detecting the gamma ntdiatioQ emitted by 
the Tc-99m label localized at the site of inflammation within the mammalian 
5 body. 

Specific p re f i gt red embodiments of the present invention will become 
evident from tiic following more detailed deso^tion of certain pxefened 
embodiments and the claims. 

10 BRIEF DESCRIPnON OF THE DRAWINGS 

Figure 1 illustrates a gamma-sdntiphoto of a New Zealand white rabbit 
treated as described in Example 3. 

PFTA^f?^ py^^WON OF THE IN VENTION 
15 The present invention provides reagents for priming Tc-99m 

radiolabded scintigraphic imaging agents for imaging target sites within a 
mammalian body. The reagents comprise a specific binding peptide that binds 
to leukocytes, covalently linked to a Tc-99m radiolabel complexing group. 

The peptides of this invention bind to leukocytes, preferably monocytes 
20 and neutroirfiils and most preferably to neutrophils. For purposes of this 
invention, the term *bind to leukocytes' is intended to mean that the peptides 
of the present invention are capable of accumulating at sites of infection or 
inflanmiation in mammalian body sufficient to allow detection of such sites by 
gamma scintigraphy. 

25 In Cp(aa)Cp<ontaining peptides, the Cp is a protected cysteine where 

the 5-protecting groups are the same or different and may be but not limited 
to: 

-CHa-aryl (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 
-CH-<aryI)2, (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 
30 -C-<aryl)3, (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 

-CH2-(4-n)ethoxyphenyl); 
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-CHK^pyridylXphenyO,; 
•C(CE^ 

-Q-pbeoylfluoreoyl; 

-CH2NHCOR is tmsubstituted or substituted alkyl or aiyl); 
5 -CHi^NHCOOR (R is unsubstitated or substituted alkyl or aiyl); 

-CONHR (R is unsubstituted or substituted alkyi or aiyl); 
-CHj-S-CHj-pheiiyl 

Hie prefecred protecting group has the formula -CHj-NHCOR herein 
R is a lower allcyl having 1 and 8 carboa atonis» phenyl or phenyl-substituted 
10 with lower alkyl« hydro^^I* lower alko)^, caibos^, or lower aScoxycarbonyL 

Labeling with Tc-99ni is an advantage of the present invention because 
the nuclear and radioactive properties of Ais isotope maVy, it an ideal 
scintigraphic imaging agent This isotope has a single photon energy of 140 
keV and a radioactive half-life of about 6 hours, and is rea£ly available from 
15 a *^Mb-'^c generates. O&er radionuclides known in ttie prior art have 
effective half-lives are much longer (for example, which has a 
half-life of €7 A h) or are tosdc (for example, ^« 

Each specific-binding pq>tide-containing embodiment of the invention is 
comprised of a sequence of amino adds. Particular amino adds comprising 
20 the peptides of this invention may be L- or D- amino adds, naturally occurring 
and othowise; D-amino adds are indicated by a subscript D. Reagents 
provided by the invention indude but are not limited to the following 
compounds: 
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Pq)tides of the prescat invention can be chemicaUy synthesized in vitro. 
Peptides of the present invention can generally advantageously be prqwred on 
an amino acid synthesizer. Hie pqrtides of this invention can be synthesired 
wherein the con5>Iexing group is oovalendy linked to the pq>tide during 
chemical in vitro synthesis, using tedmiques wdl known to those with skill m 
the art Such pep&des oovalentiy-linked to the complexing group upon 
synthesis are advantageous because specific sites of covalent linkage can be 
detennined therein. 

Radiolabel binding moieties of the invention may be intnxhiced into the 
target specific pq)tide during pepddt synthesis. For embo(fiment3 comprising 
picolinic acid [(Pic-); e.g., Pic-Gly-Cys(protecting group)-], the radiolabd- 
binding moiety can be synthesized as the last (uc, amino-tcnninal) residue in 
the synthesis. In addition, the picolinic acid-containing radiolabel-binding 
moiety may be covaJendy linked to the e-amino group of lysine to give, for 
example, aN(Fnioc)-Lys-£N[Pic-Gly-Cys(protecting groiq))]. which may be 
incorporated at any position in die pq)tidc chain. This sequence is particulariy 
advantageous as it affords an easy mode of incorporation into the target binding 
peptide. 

Similarly, die picolylamine (Pica)-containing radiolabel-binding moiety 
[-CysCprotecting group><31y-Pica] can be prqared during pqjtide synthesis by 
including die sequence [-Cys(protecting group)-Gly-] at the carboxyl terminus 
of die peptide chain. Following cleavage of die peptide ftom the resin die 
carboxyl terminus of die pq)tide is activated and coupled to picolylamine. TTiis 
syndietic route requires diat reactive side^hain fimctionalities remain masked 
(protected) and do not react during the conjugation of die picolylamine. 

Examples of small synthetic peptides containing die Pic-Gly-Cys- and - 
Cys-Gly-Kca chelators are provided in die Examples herdnbelow. TTus 
invention provides for die incorporation of diese chelators into virtuaUy any 
peptide capable of specifically binding to leukocytes in vivo, resulting in a 
radiolabeled pqitide having Tc-99ra held as neutral complex. 

niis invention also provides specific-binding small syndietic peptides 
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which incorporate bisamine bisthiol (BAT or BAXQ chelators which may be 
labeled wiA Tc-99m. This inveatioa provides for the incoiporation of these 
chelaton into virtually any peptide capable of specifically binding to leukocytes 
in vivo, resulting in a radiolabeled pqitide having Tc-99ni held as neutral 
5 complex. An examples of a small ^ttetic p^de containing a BAT chdator 
as xadiolabel-binding moiety is provided in the Examples hercinbdow. 

The specific binding pq>tides of the invention may also be covalently 
linked to a polyvalent UnkiDg moiety. Polyvalent linking moieties provided by 
the invention are comprised of at least 2 linker functional groups capable of 
10 covalently boncfing to platelet-spedfic moieties, including linear and cyclic 
pq>tides. Such functional groups include but are not limited to primary and 
secondary amines, hydroxyl groups, carboxylic acid groups and thiol reactive 
groups. Polyvalent linking moieties are comprised of preferably at least three 
functional groups cqnble of being covalently linked to platelet-specific moeties, 
15 including linear and cyclic p^des. Preferred polyvalent linking moieties 
include amino adds such as lysine, homolysine, ornithine, aspartic acid and 
glutamic add; linear and qrdic amines and po^famines; polycarboxylic adds; 
activated thiols; and tttiol-reactive reagents such as di- and tri-maleimides. 
Also prefmcd are anbodiments whoein the polyvalent linking moieties 
20 comprise a multiplidty of polyvalent linking moieties covalenQy linked to form 
a branched polyvalent linking moiety. Most preferred polyvalent linking 
moieties indude Air-sucdnimidylmcthylether, frij(succinimidylethyl)amine, 4- 
(2,2-dimeftylacetyI)benioic add (DMAB) and derivatives thereof. 

la forming a complex of radioactive technetium with the reagents of this 
IS invention, the technetium complex, preferably a salt of Tc-99m pertechnetate, 
is reacted with the reagent in die presence of a reducing agent. Preferred 
reducing agents are dithionite, stannous and ferrous ions; the most preferred 
redudng agent is stannous chloride. Means for preparing such complexes arc * 
conveniently provided in a kit form comprising a sealed vial containing a 
K) predetermined quantity of a reagent of the invention to be labdcd and a 
suffident amount of reducing agent to labd the reagent with Tc-99nL 
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10 



Alternatively, the complex may be formed by reacting a reagent of this 
invention with a pre-formed labile complex of technetium and anotber 
compound known as a transfer ligand. TUs process is known as ligand 
exchange and is well known to those skilled in the art The labile complex 
may be farmed using such transfer ligands as tartrate, dtrate, gluconate or 
mannitol, for example. Among the Tc-99m peitechnetate salts useful with be 
present invention are induded the alkali metal salts such as the sodium salt, 
or ammcnium salts or lower all^l ammonium salts. 

The reaction of the pq)tide3 of this invention with Tc-peitechnetate or 
preformed To-99m labile complex can be carried out in an aqueous medium at 
room temperature. What an anionic complex having a charge of [-1] is 
formed in the aqueous medium in Ae form of a salt with a suitable cation such 
as sodium cation, ammonium cation, mono, di- or tri-lower alkyl amine cation, 
etc. Any conventional salt of the anionic complex with a pharmaccutically 
15 aco^table catioa can be used in accoidanoe with this invention. 

In a preferred embodiment of the invention, a .kit for preparing 
technetium-labded pq)tides is provided. TTic pq>tides of the invention can be 
chemically synthesized using methods and means well-known to those with skill 
in the ait and described hcrcbbdow. Pq)tides thus prepared are comprised of 
between 3 and 100 amino add residues, and are covalently linked to a 
radioisotope complexing group wherdn the complexing group binds a 
radioisotope. An appropriate amount of the pqrtide is introduced into a vial 
containing a reducing agent, such as stannous chloride. In an amount suffident 
to label the pqrtide with Tc-99m. An appropriate amount of a transfer ligand 
25 as described (such as tartrate, dtrate, gluconate or mannitol, for example) can 
also be induded. Technetium-labeled pq)tides according to tbt present 
invention can be prepared by the addition of an appropriate amount of Tc-99m 
or Tc-99m complex into the vials and reaction under conditions described in 
Example 2 herdnbdow. 

Radioactivdy labded peptides provided by the present invention are 
provided having a suitable amount of radioactivity. In forming the Tc-99m 



20 



30 
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radioactive anionic complexes, it is generaUy prefencd to fonn radioactive 
complexes in solutions containing radioactivity at concentrations of from about 
0.01 millicurie (mCO to 100 mQ per mL 

Technetinm-labeled peptides provided by the present invention can be 

5 nsed for visualinng sites of inflammation, including abscesses and sites of 
■occoU" infection. The Tc-99m labeled pq)tides provided by the present 
invention can also be used for visualizing sites of inflammation caused by 
tissue ischemia, including such disordeo as inflammatory bowel disease and 
arthritis. In accordance with this invention, the tcchnctium-labeled p^tides or 

10 anionic complexes either as a complex or as a salt with a pharmaceutically 
accqjtable cation arc administered in a smgle unit injectable dose. Any of the 
common earners known to those with sldll in the art, such as sterile saline 
solution or plasma, can be utilized afier radiolabeling for prqjaring the 
injectable soluticn to diagnostically image various organs, tumon and the like 

15 in accordance with diis invention. Generally, tfie unit dose to be administered 
has a radioactivily of about 0.01 mG to about 100 mCi, preferably 1 mG to 
20 mO. The sohition to be injected at unit dosage is torn about 0.01 ml to 
about 10 ml. After intravenous administration, imaging of the organ or tumor 
in vivo can take place in a matter of a fiew minutes. However, imaging can 

20 take place, if desired, in hours or even longer, after injecting into patients. 
In most instances, a sufficient amount of the administoed dose win accumulate 
in the area to be imaged within about 0.1 of an hour to permit the taking of 
scintiphotos. Any conventional method of sdntigraphic imaging for diagnostic 
purposes can be utilized in accordance with this invention. 

25 The technetium-labded peptides and complexes provided by the 

invention may be administered intravenously in any conventional medium for 
intravenous injection such as an aqueous saline medium, or in blood plasma ^ 
medium. Sudi metfium may also contain conventional pharmaceutical adjunct ' 
inatwiaia such as, foT example, pharmaceutically aocq>table salts to adjust the 

30 osmotic pressure, buffers, preservatives and the like. Among the preferred 
media are normal saline and plasma. 
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The mediods for making and labeling these compounds are more fiilly 
illustiated in the foUowing Examples. These Examples ilhistrate certain aspects 
of tide above-described method and advantageous results. These Examples are 
shown by way of illustration and not by way of limltaticm. 

5 

EXAMPLE 1 
SoHd Phase Pfenttdc Synflii^ 

10 Solid phase pq)tide synthesis (SPPS) was carded out on a 0.25 

miUimole (mmole) scale using an Applied Biosystems Model 431 A Pq)tide 
Synthesizer and using 9-fluorenylmethyloxycaibonyl (Fmoc) amino-terminos 
protection, coupling with dicydohexylcarbodiimide/hydroxybenzotriazole or 2- 
(lH-benzo-triazoM-yl)-l,l .3,3-tetramethyIuronium hexafluorophosphate/ 
15 hydroxybcnzotriazole (HBTU/HOKI), and using p-hydroxymcdiylphenaxy- 
methylpolystyicne (BMP) nan for caiboxyl-tcrminus adds or Rink amide resin 
for carboxyl-terminus amides. Kesin-bound products were routinely cleaved 
using a scdution comprised of trifluoroacetic add, water, thioaniscrfe, 
ethanedithiol, and tiiethylsilane. prepared in ratios of 100 : 5 : 5 : 2.5 : 2 for 
1.5 - 3 h at room temperature. Where apprx^riatc, N-a-formyl groups were 
introduced either by treating tfie free N-terminus of a peptide bound to the 
resin with formic anhydride in dichloromethane at O'C for 2h or by treating 
the cleaved, dq>rotected pq)tide with acetic anhydride in 98% formic add. 
Where appropriate, N-a-acetyl groups were introduced by treating the free N- 
25 terminal amino group of the pq)tide bound to the resin with 20% (v/v) acetic 
anhydride in NMP for 30 min. Where appropriate the 'Pica" group was 
introduced by conjugating picolylamine to a precursor peptide using 
diisopropylcarbodiimide and N-hydroxysucdnimide. Where appropriate, N- 
terminal [B\T} groups were introduced by treating free N-terminal amino 
30 groups of the peptide with iV*,y-Wj(2-methyl-2-triphenylmethylthiopropyl).V-{f . 
butoxycarbonyI)-6,9-diazanonanoic add ^hydroxysucdm'mide ester. 

Where aj^rppriate, BSME adducts were pnpaxtd by reacting single 
thiol-containing pq)tides (5 to 50 mg/mL in 50 mM sodium phosphate buffer. 

- 17 - 
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pH 8} ynA 0.5 molar eijuivaleats of BMME (dij-maldmidomedi^ether) pie- 
dissolved in aoetonitnle at xoom teapeFatme for proximately 1 to 18 boun. 
The soIutioQ was oonceotrated and die product was purified by HPLC. 

Crude peptides were pimfied by preparative high pressure liquid 
5 chromatography (HPLQ using a Waters Ddta Pak CIS column and gradient 
dution usmg 0.1% tzifluoroacedc add O^A) in water modified wifli 
acetonitdle. Acetonitrile was eviyxsafed £R>m die eluted fac&ms which were 
then lyqphilizBd. The identity of each product was confirmed by fast atom 
bombardmeat mass spectroscopy (PABMS) or by electrospray mass 
10 spectroscopy (ESMS). 

EXAMPLE 2 
A General Method for RudloTahg ling with Tp-OOt i 
0.1 mg of a peptide prepared as in Example 1 was dissolved in 0.1 mL 
15 of 0.05M potassium phosphate buffer (pH 7.4). Tc-99m glucqrtate was 
prqared by reconstituting a Glucoscan vial DuPont de Nemours, Inc.) 
widi 1.0 mL of Tc-99m sodium pcrtechnctate containing up to 200 mQ and 
allowed to stand for 15 minutes at room temperature. 25 /d of Tc-99m 
gluccptate was tiien added to die pq)tide and die reaction allowed to proceed 
20 at room temperature or at lOO'C for 15 to 30 min and dien filtered tiirough 
a 0.2 /cm filter. 

The Tc-99m labeled peptide purity was determined by HPLC using a 
Vydak 2181554 (RP-IS, 5 micron, 220 x 4.6 mm) or Waters DellaPak (RP- 
18, 5 micron, 150 x 3.9 mm) analytical column and eluted as described in die 
25 Fbotnotes in Table L Radioactive components were detected by an in-line 
radiometric detector linked to an integrating recorder. Tc-99m glucqitate and 
Tc-99m sodium pcrtechnctate elute between 1 and 4 minutes under dicse 
conditions, whereas die Tc-99m labeled pq>tide duted after a much greater 
amount of time. 

30 The foUowing Table fflustrales successful Tc-99m labeling of pqitides 

prqared according to Example 1 using die mediod described herein. Particular 
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plications of the method are as fdlows: 



10 



15 



HPLC mediods (indicated by superscript after R, in the Table below): 



Method 1: 
Method 2: 
Method 3: 
Method 4: 
Method 5: 

wherein: 



Biownlee column 
Vydak column 
Vydak column 
Waters column 
Waters column 



100% A to 100% B,o m 10 min 
100% A to 100% Bw in 10 min 
100% A to 100% Bm in 10 min 
100% A to 100% Bm in 10 min 
100% A to 100% Bm in 20 min 



solvent A « 0.1% CF,COOH/H^ 
solvent Bjo >= o.l% CFjCOOH/70% CHjCN/HjQ 
solvent Bm « 0.1% CF,COOH/90% CHjCN/HjO 
solvent How rate » i mL/min 
Vydak column « 218TP54 RP-18, 5/*, 220mm x 4.6ram analytical column 
Biownlec column « Spheii-5, RP-18 5/1, 220 x 4.6mm cohimn 
Waten column - DeltaPak RP-18, 5/t, 150mm x 3.9mm analytical column 
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EXAMPLE 3 

Kf ifitiPranMc Imiirfnr iinfl BloJistribution of Tc>99m Labeled Peptides 
In otda to demonstrate the e£fectxvaies5 of Tc*99m labeled pq>tide 
reagents as provided abovCi New Zealand white rabbits were innoculated 
5 intrafflusculady in Ae left calf with a potent stain of £ coU. After 24 h, the 
animals were sedated by Lul injection of ketamine and xylazine, and then 
injected i.v. with To*99m labeled peptide ISOtig, 2-10 mO). The animab 
were positimed supine in Ibt field of view of a gamma camera (LEAP 
collimator/ photopeaked for Tc-99m) and imaged over the first hour post- 
10 injection, and then at approximately Ih intervals over the next three hours post 
injection. Animals were allowed to recover between image acquisitions and re- 
anesthetized as needed. 

Upon completion of the final imaging, each animal was sacrificed by 
overdose of phenobarbital Lv. and dissected to obtain samples of blood and of 
15 infected and control muscle tissue. The tissue sanq)les were weighed, and 
along with a standard anoount of the injected dose, were counted using a 
gamma counter, and the potent injected dose (per gram of tissue) remaining 
in the tissues was determined. Ratios of percent of injected dose per gram of 
infected versus non*infected muscle tissue, and of infected muscle tissue versus 
20 blood, were calculated for each pqrtide. These results are presented in the 
following Table. Scintiphotos of whole body and leg images of a rabbit 
injected with a Tc-99m labeled reagent of the invention, having the formula 

are presented in Figure 1. 
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yntat Is claimed b: 

1. A reagent for piq>ariog a scintigraphic imaging agent for imaging 
sites of inflanunalion widiin a mammalian body, comprising a spedfic binding 
peptide that specifically binds to leokocytes, covalendy linked to a technetium- 

5 99m ladiolabel-binding moiety. 

2. The reagent of Oaim 1 wherdn die technednm-99m radiolabd- 
binding moiety has a formula selected from the group con.sisting of: 

L 

10 Cp(aa)Cp 

whuein Qp is a protected ^stdne and (aa) is an amino add; 

n. 



15 



20 



A-CZCB)-[C(R»R^].-X 

wherein A is H, HOOC, ^OC, (pq)tide)-NHOC, ft)eptide)-OOC or R*; 
B is H, SH, -NHR>. -NCR^Cpeptide), or R*; 
X is H, SH, -NHR', -NCRXpeptide) or R*; 
Z is H R*; 

25 RS R\ R' and R* are indraendently H or lower straight or 

branched chain or ^clic sJkyi; 

n is 0, 1 or 2; 

30 and 

where B is -NHR' or -K(R'>-(jpq>tide), X is SH, and n is 1 or 2; 

where X is -NHI^ or -N(R'Hpq)tide), B is SH, and n is 1 or 2; 

35 . where B is H or R^ A is HOOC, HjNOC, (pq)tide)-NHOC or (pq>tide)-OOC, 
X is SH, and n is 0 or 1; 



40 



where A is H or R*, dien where B is SH, X is -NHR' or •N(R'Hpq>dde) and 
where X is SH, B is -NHR* or -NCRX^tide); 

where X is H or R\ A is HOOC, H3NOC, (pq>tide)-NHOC or (jpq)tide)-O0C 
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and B is SH; 

wh«e Z is methyl. X is methyl, A is HOOC, HjNOC, (peptide)-NHOC or 
(pq>tide)-OOC, B is SH and n is 0; 

where B is SH and X is SH, n is not 0; 
and wherein the thiol moiety is in the reduced form; and 

m. 

•^-1- CO - (amino add) - cysteine - CO - 

15 IV. 

- HN - cysteine - (amino add) - NH - CI^ - j^^^^ 



10 



20 



SX 

wfaerdn X • H or a protecting group; 

(amino add) « any amino add; 



V. 

25 ^(CR'ij. 

jm ^N-A-CO-pcptidc 

(<fR':). (CR*:)p 
S.(pgp)* S-(pgp)' 
wherein each is independendy H. CH} or C^Hs; 
30 each 0>gp)' is independently a thiol protecting group or H; 

m, n and p are indq)endently 2 or 3; 

A = linear or cydic lower alkyl, aiyl, heterocyclyl, 
combinations or substituted derivatives thereof; 
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VL 

NH ^N-A-CH(V)NHR* 
SH SH 

wherdn each R» is indqwidcntty H, lower allqd having 1 to 6 caiboo 
atoms, phenyl, or phenyl substituted with lower alkyl or lower 
alksxy; 

m, ft and p are indq»endenfly 1 or 2; 
A « linear or cyclic lower alkyl, aryl, beterocyclyl, 
combinations or substituted derivatives thereof 
V « H or -CO-peptide; 
R« » H or pqitide; 

and wherein when V - H. R' - pqrtidc and when R« = H. V = -CO- 
15 pQ)tide; and wherein the radiolabd-binding moiety forms a complex with a 
ladidsotope and the complex is dectiically neutral. 

3. Tije reagent of Caaim 1 wherein the specific binifing peptide and 

radiolabd binding moiety are covalentty linked through one or more amino 
adds. 

4. The reagent of Claim 2 wherein the protected cysteine of the 
radiolabd-binding moiety having formula I has a protecting giovp of the 
formula 

-CHj-NH-CO-R 

wherein R is a lower alkyl having 1 to 6 carbon atoms. 2-,3-,4-pyTidyl, 
25 phenyl, or phenyl substituted with lower alkyl, hydroxy, lower alkoxy, 
caiboxy, or lower alkoxycaibonyl. 

5. The reagent of Claim 2 wherein the radiolabd-binding moiety of 

formula Cp(aa)Cp has the formula: 

CHjSCHjNHCOCH, 
-HN-CH-CO-NH-CHj-CO-NH-CH-CO- 



20 



30 



CHi-S-CHj-NHCCXB, 
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6. A sdntigr^Aic imaging ageot compdmg the reageot of Chim 
1 radiolabeled with techneduni-99in. 

7. The reagent of Claim 1 wheida the specific binding peptide is 
platelet &ctor 4 or a derivative thereof. 

5 8. Hic reagent of Claim 1 compristog the amino add sequence 

jbmylMLP or fomyLKle.LP.Vllc or derivatives thereof. 

9. Tht reagent of Claim 1 wherein the specific binding pq)tide is 
derived firom elastin. 

10. Hic reagent of Claim 1 wherein the ^edfic blncfing peptide is 
10 tuftsn or derivatives thereof. 

11. nie reagent of Claim 1 wherein the ^edfic binding peptide is 
fibrinopq)tide B, fibrinogen B^-chain or derivatives thereof. 

12. The reagent of Claim 7 wherein the reagent is selected &om the 
group consisting of; 



15 



25 



30 



C|**GC^LYKKIIKKLLES 
PicGCaJPLYKKIIKKLLES 

c^^gCa^ggplykkukklles 

floay/.CGGGPLYKKIIKKllES 
20 [BATl .GGPLY KyTTCTrT t 

flcefy/.KKKEKC^GCA.GGPLYKKIIKKLLES 
n>TPA].Cji^GC;k«PLYKKIIKKLLES 
[BATI.KKLLKKLYKKIIKKLLES 
i4c.CA«GC^QAPLYKKIIKKLLES 




35 
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0 



30 



35 



As«M-Ly«4^KIH(>lC0.-Cyt(Afimj^lKy»<Ae«K 
10 I 0 



15 13. Tlie reagent of Claim 8 whcrdn the reagent is selected fi^ 

group consisting of: 

20 }&nny/.MLFC^GPica 

>&7jny/.Nle.LF.Nle.YKCA«GC^ 
ybyT;o''-MIJ^lBA1].amlde 
>bnnyf.'nip.LF.[BAM] 
y&nro'/.MLFE.IBATl 
25 ^nn[y/.MLFK.IBAT|.KKKi3Lamide 
>bniO'/.MLFK.[BATl.GSGS.amide 
ybmy/.MLFK.pA'Il.E 
/onwy/.MJ)pg.F,[BAM] 
/>nny/.MLFK.[BAT|.EOE 



formyt-Met<LaU'Phe>L 



M3(y^3ly<^ys(Acm^QI/<;y8(Acm)^^^Q(y4y^HCHCO.^IHa 

I « 
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10 



15 



tormyJ-Met-Leu-Pho-NHCHCO.-,. 



GliM5lj^Cy«(AcmH3iy<^^AenihGly-Qly.NHCHCaNM. 



14. TT» reagent of Claim 9 whadntbe reagent hsdccted from the 
group ocmsutiflg of: 



CA-.C5C^(VGVAPG),amide 

Pic.GCA.(VGVAPO),amide 

Fic.6CA.(VP0VG)4afflide 

(VP0V0)4GGGC^GC;i^dc 
20 (VGVAPC3),GC<3C^GC;u^de 

acwy/.C^GCA«GGG(VPGV0)4amide 

«etfyf.CA«GCA«.Aca.(VP0V0)4amide 

Pic.GC(VGVAPO),amide 

[BAT].(VOVAP0),amide 
25 IBA11.(VPGVG)4aaide 

15. The reagent of Claim 11 wlKMift the reagent h selected from tl» 
group consisting of: 

;<3Iu.GVNDNEEGFFSARCA«GC,i_amide 
30 /^lu.GVNDNEEGFFSARGGC.amidc 

PicGC^GHRPLDKKREEAPSLRPAPPPISGGGYR 
lBAT].GHRPLDKKREEAPSLRPAPPPISGGGYR.amide 

16. Tbt reagent of Claim 10 wherein the reagent is: 

35 C^GC^TKPR 

17. -Die reagent of Claim 1 wherein the reagent further comprises a 
polyvalent linking moiety covalenUy linked to a multiplicity of specific binding 
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peptides and also covalently linked to a multiplidiy of ladiolabel-binding 
moieties to compn^ a multimenc polyvalent sdntigiapbic imaging agent, 
herein the molecular wdght of die multimecic polyvalent reagent is less than 
about 20,000 daltons. 

5 18. The multimenc pcdyvalent scintignphic imaging agent according 

to Claim 17 wherein the polyvalent linking moiety is «r-succinimidyl- 
methylether, 4-(2,2-dimcthyIacetyI)bcnzoic add, fiir($DcdnimidylethyI)amine or 
a derivative thereof. 

19. A complex fonned by reacting the reagent of Claim 1 with 
10 teclmetium-99m in the presence of a reducing agent 

20. The complex of Claim 19, wherein the reducing agent is sdected 
from the group of a dithionite ion, a stannous ion, or a ferrous ion. 

21. A complex formed by labeling the reagent of nain^ i ^ji, 
technetium-99m by ligand exchange of a prereduced technetium-99m complex. 

15 22. A kit for prqaring a radiopharmaceutical prq>aration, said kit 

comprising sealed vial containing a predetermined quantity of the reagent of 
Claim 1 and a sufBdent amount of reducing agent to labd the reagent with 
technetium-99m. 

23. A method for imaging a site of inflammation within a mamma lian 
20 body comprising administering an efifective diagnostic amount of the reagent of 

Claim 1 tfiat is labeled witii technetium-99m and detecting the Tc-99m localized 
at the ate of inflammation. 

24. The process of prqaring die reagent according to Claim 1 
wherein the reagent is chemically syndiesized in vitro. 

25 25. The process of prq)aring die reagent according to Claim 24 

wherein the specific binding peptide is synthesized by solid phase pq>tide 
synthesis. 

26. The reagent according to Claim 1 wherem the radiolabd binding 
mdety is covalenUy linked to the spedfic binding peptide during in vitro 

30 chemical syndiesis. 

27. The reagent according to Claim 26 wherein the radiolabd binding 
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moiety is covalently linked to the specific binding pq)tide during solid phase 
peptide synthesis. 

28. A method for labeling t peptide according to Claim 1 comprising 
reacting the peptide with Tc-99m in the presence of a reducing agent 
5 29. The method of Claim 28» wherein the reducing agent is selected 

from the group of a dithionite ion, a stannous ion, or a ferrous ion. 
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